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Description
TECHNICAL FIELD

[0001] The present invention relates to an eyeglasses-wearing simulation method, eyeglasses-wearing simulation
program, an eyeglasses-wearing simulation device, an eyeglass lens-ordering system and an eyeglass lens manufac-
turing method for simulating how the outside is viewed when a pair of left and right eyeglass lenses are placed in front
of left and right eyes.

BACKGROUND ART

[0002] In an eyeglass store, an eye examination is conducted for a patient, and the type of eyeglass lens is selected
based on a prescription obtained by eye examination. The types of eyeglass lens include a single-vision spherical lens,
a single-vision aspherical lens, a fatigue-relieving lens, a near vision lens dedicated for near vision, a progressive power
lens (distance/near vision type, intermediate/near vision type). For a plurality of types of eyeglass lenses, a plurality of
types of test lenses are prepared. In an eyeglass store, a test lens is inserted into a temporary frame and is put on a
patient on a trial basis so that the prescribed power is achieved. Such trial wearing is an only chance for the patient to
check how the outside is viewed in an eyeglass-wearing state. However, regarding trial wearing of an eyeglass lens
having a specialized transmission power distribution, such as a progressive power lens, in many cases, actual visual
performance in the eyeglass wearing state was not adequately reflected.

[0003] For this reason, an eyeglass-wearing simulation device which enables a patient to artificially experience how
the outside is viewed in the eyeglass wearing state has been proposed. For example, Japanese Patent Publication No.
3342423 (B2) (hereafter, referred to as "patent document 1") describes an example of a specific configuration of an
eyeglass-wearing simulation device.

[0004] The eyeglass-wearing simulation device described in patent document | simulates the visual performance in
a state where an eyeglass lens is placed in front of a single eye. To achieve the precise simulation, the simulation device
of this type is able to reproduce the visual performance while considering shaking, distortion and blur caused during
wearing of the eyeglass while further considering perception of a human.

SUMMARY OF THE INVENTION

[0005] However, a human observes the outside not by a single eye, but by both eyes. Therefore, the simulation
disclosed in the patent document 1 where the visual performance by a single eye is reproduced was in adequate in
regard to how a wearer perceives the outside when the wearer actually wears the eyeglasses.

[0006] In view of the above described problem, the object of the presentinvention is to provide an eyeglasses-wearing
simulation method, an eyeglasses-wearing simulation program, an eyeglasses-wearing simulation device, an eyeglass
lens-ordering system and an eyeglass manufacturing method suitable for simulating how the outside is viewed in binocular
vision when a wearer wears eyeglasses.

[0007] According to an embodiment of the invention, there is provided an eyeglasses-wearing simulation method for
simulating how an outside is viewed when a pair of left and right eyeglass lenses are placed in front of left and right
eyes, the method comprising: an original image creation step of creating a pair of left and right original images for
enabling a patient to perform stereoscopic viewing by utilizing binocular parallax, based on virtual scene data constituted
by virtual objects placed in visual field spaces of the left and right eyes; an image creation step of calculating, based on
optical data of aright eye eyeglass lens of the pair of left and right eyeglass lenses deigned in accordance with prescription
information of the patient, distortion and blur of the right eye eyeglass lens and processing the right eye original image
by adding the distortion and blur of the right eye eyeglass lens to the right eye original image, and calculating, based
on optical data of a left eye eyeglass lens of the pair of left and right eyeglass lenses, distortion and blur of the left eye
eyeglass lens and processing the left eye original image by adding the distortion and blur of the left eye eyeglass lens
to the left eye original image, so as to create images of left and right visual fields viewed through the pair of left and right
eyeglass lenses; and an image display step of stereoscopically displaying the processed images viewed through the
pair of left and right eyeglass lenses on a screen. In the image creation step of creating the images of the left and right
visual fields viewed through the pair of left and right eyeglass lenses, a value of the blur is calculated by setting a same
amount of accommodation to the left and right eyes in regard to all of object points in the visual field spaces.

[0008] According to the embodiment of the invention, since when the blur of each object point in the visual field space
is calculated, the amount of accommodation common to the left and right eyes is set without setting optimum amounts
of accommodation individually for the left and right eyes. Therefore, the patient is given the eyeglass lens-wearing
simulation which reflects more accurately how the outside is viewed when the eyeglass lenses are worn, and is able to
achieve the stereoscopic viewing for the parallax images in a feeling close to the reality.
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[0009] The same amount of accommodation set for all the object points in the visual field spaces in the image creation
step for creating the images of the left and right visual is set, for example, according to one of the following rules A and B:

A: an amount of accommodation in a single vision of a dominant eye of the patient, for each object point in the visual
field spaces; and

B: a smaller one of amounts of accommodation required for the left and right eyes, for each object point in the visual
field spaces.

[0010] An eyeglasses-wearing simulation program according to an embodiment of the invention is a program for
causing a computer to execute the above described eyeglasses-wearing simulation method.

[0011] According to an embodiment of the invention, there is provided an eyeglasses-wearing simulation device for
simulating how an outside is viewed when a pair of left and right eyeglass lenses is placed in front of left and right eyes,
comprising: an original image creation means for creating a pair of left and right original images for enabling a patient
to perform stereoscopic viewing by utilizing binocular parallax, based on virtual scene data constituted by virtual objects
placed in visual field spaces of the left and right eyes; an image creation means for calculating, based on optical data
of aright eye eyeglass lens of the pair of left and right eyeglass lenses deigned in accordance with prescription information
of the patient, distortion and blur of the right eye eyeglass lens and processing the right eye original image by adding
the distortion and blur of the right eye eyeglass lens to the right eye original image, and for calculating, based on optical
data of a left eye eyeglass lens of the pair of left and right eyeglass lenses, distortion and blur of the left eye eyeglass
lens and processing the left eye original image by adding the distortion and blur of the left eye eyeglass lens to the left
eye original image, so as to create images of left and right visual fields viewed through the pair of left and right eyeglass
lenses; and an image display means for stereoscopically displaying the processed images viewed through the pair of
left and right eyeglass lenses. The image creation means of the device calculates a value of the blur by setting a same
amount of accommodation to the left and right eyes in regard to all of object points in the visual field spaces.

[0012] According to an embodiment of the invention, there is provided an eyeglass lens-ordering system for ordering
a pair of eyeglass lenses using an eyeglasses-wearing simulation device for simulating how an outside is viewed when
the pair of left and right eyeglass lenses is placed in front of left and right eyes, comprising: the above described
eyeglasses-wearing simulation device; and an order data transmission means for transmitting, as ordering data, one of
the prescription information used by the image creation means of the eyeglasses-wearing simulation device and eyeglass
lens pair data designed based on the prescription data, to a predetermined ordering destination.

[0013] According to an embodiment of the invention, there is provided an eyeglass lens manufacturing method, com-
prising the steps of: an execution step of executing the above described eyeglasses-wearing simulation method; a
transmission step of transmitting, as ordering data, one of the prescription information used in the image creation step
in the eyeglasses-wearing simulation method and eyeglass lens pair data designed based on the prescription information,
to a predetermined ordering destination; and a manufacturing step of processing lens material by driving and controlling
a processing machine based on one of the transmitted prescription data and the transmitted eyeglass lens pair data
designed based on the prescription information, thereby manufacturing the eyeglass lenses.

[0014] According to another embodiment of the invention, there is provided an eyeglass lens design method for
designing a pair of eyeglass lenses based on prescription information of a patient, comprising the steps of: a calculation
step of calculating a value of blur of the eyeglass lenses by setting a same amount of accommodation for left and right
eyes in regard to all object points in visual field spaces for the left and right eyes; and a design step of designing the
pair of eyeglass lenses using the calculated value of the blur. The same amount of accommodation for the left and right
eyes set for all the object points in the visual field spaces may be equal to an amount of accommodation in a single
vision of a dominant eye of the patient, or may be equal to a smaller one of amounts of accommodation required for the
left and right eyes.

[0015] According to another embodiment of the invention, there is provided an eyeglass lens manufacturing method,
comprising the steps of: a design step of designing a pair of eyeglass lenses based on prescription information of a
patient by calculating a value of blur of the eyeglass lenses and setting a same amount of accommodation for left and
right eyes in regard to all object points in visual field spaces for the left and right eyes, and thereby designing the pair
of eyeglass lenses using the calculated value of the blur; a transmission step of transmitting design data of the designed
pair of eyeglass lenses, to a predetermined ordering destination; and a manufacturing step of manufacturing the eyeglass
lenses by driving and controlling a processing machine, at the ordering destination, using the received design data. In
this manufacturing method, the same amount of accommodation for the left and right eyes set for all the object points
in the visual field spaces may be equal to an amount of accommodation in a single vision of a dominant eye of the
patient, or may be equal to a smaller one of amounts of accommodation required for the left and right eyes.

[0016] According to the invention, an eyeglasses-wearing simulation method, an eyeglasses-wearing simulation pro-
gram, an eyeglasses-wearing simulation device, an eyeglass lens-ordering system and an eyeglass manufacturing
method suitable for simulating how the outside is viewed in binocular vision when a wearer wears eyeglasses are provided.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017]

[Fig. 1] Fig. 1 is a diagram generally illustrating an eyeglass lens-ordering system according to an embodiment of
the invention.

[Fig. 2] Fig. 2 is a block diagram illustrating a configuration of the eyeglass lens-ordering system according to the
embodiment of the invention.

[Fig. 3] Fig. 3is an explanatory illustration for explaining a flow of an eyeglasses-wearing simulation by an eyeglasses-
wearing simulation program according to the embodiment of the invention.

[Fig. 4] Figs. 4A and 4B generally illustrate a relationship between a visual field and a display screen for each of an
eyeglasses-wearing state and a non-eyeglass-wearing state.

[Fig. 5] Figs. 5A and 5B illustrate a coordinate system for left and right visual fields of naked eyes.

[Fig. 6] Figs. 6A and 6B illustrate a coordinate system of visual fields for the eyeglasses-wearing state and the non-
eyeglass-wearing state.

[Fig. 7] Fig. 7 illustrates an eyeglass lens-eye optical system when an object point is viewed.

[Fig. 8] Fig. 8 is an explanatory illustration for explaining a coordinate system of light ray data.

[Fig. 9] Fig. 9 is a block diagram illustrating an eyeglass lens manufacturing factory for implementing an eyeglass
lens manufacturing method according to the embodiment of the invention.

[Fig. 10] Fig. 10 is a flowchart illustrating the eyeglass lens manufacturing method according to the embodiment of
the invention.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0018] In the following, an eyeglass lens-ordering system according to an embodiment of the invention is explained
with reference to the accompanying drawings.

(Eyeglass Lens-Ordering System 10)

[0019] Fig. 1 generally illustrates an eyeglass lens-ordering system 10 according to the embodiment. Fig. 2 is a block
diagram illustrating a configuration of the eyeglass lens-ordering system 10. The eyeglass lens-ordering system 10
which is installed, for example, in an eyeglass store is configured to simulate how the outside is viewed when a pair of
left and right eyeglass lenses is placed in front of left and right eyes. As shown in Fig. 1, the eyeglass lens-ordering
system 10 includes a video monitor 102, and a store computer 130 connected to the video monitor 102.

[0020] AsshowninFigs. 1and 2, the eyeglass lens-ordering system 10 has the video monitor 102. The video monitor
102 is a video monitor (e.g., a liquid crystal display panel TV or a plasma display panel TV) which supports displaying
of a three-dimensional image and enables a patent 2 to perform stereoscopic viewing by utilizing binocular parallax. The
video monitor 102 uses a flame sequential scheme. An image processing engine 104 of the video monitor 102 generates
parallax images for the left and right eyes by processing image data inputted from the store computer 130, and alternately
displays the parallax images on a display screen 106 at a high speed.

[0021] The patient 2 wears a liquid crystal shutter eyeglass 112 and stands at a reference point, and views the display
screen 106 with the head (chin) of the patient 2 being fixed. To the liquid crystal shutter eyeglass 112, a synchronization
signal is transmitted from a transmitter 108 mounted on the video monitor 102. The liquid crystal shutter eyeglass 112
controls orientation of liquid crystal in synchronization with the parallax images displayed on the display screen 106 to
alternately block the left and right fields of vision. During a time period where the video monitor 102 is in synchronization
with the liquid crystal shutter eyeglass 112, the right eye of the patient 2 views only a right eye virtual image and a left
eye of the patient 2 views only a left eye virtual image. The patient 2 perceives, as a three-dimensional object, the
parallax images which are displayed on the display screen 106 of the video monitor 103 and are converged at non-
corresponding points within Panum'’s fusional area on retinas.

[0022] A displaying format of a three-dimensional image on the video monitor 102 used in the eyeglass lens-ordering
system 10 is not limited to the frame sequential scheme. In place of the frame sequential scheme, an anaglyph scheme
where a person stereoscopically views parallax images through red and blue color filter eyeglasses or a polarization
scheme where a person stereoscopically views, through polarized glasses, parallax images of which polarized conditions
are orthogonal to each other may be employed. A so-called naked eye scheme, such as a parallax barrier or a lenticular
lens, may be employed.

[0023] Basically, the distance (hereafter, referred to as "observation distance od" for convenience of explanation)
between the display screen 106 and the eyes of the patient 2 is fixed. However, the observation distance od may be
changed for enlarging or reducing the visual field with respect to the virtual mage. Specifically, the video monitor 102 is
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installed on a seating 122. The seating 122 is configured to be slidable on rails 124. By sliding the seating 122, the
observation distance od changes. The changed observation distance od may be directly inputted to the store computer
130 by an operator, or the slid distance of the seating 122 may be detected by a sensor (not shown) and the store
computer 130 may employ the detected distance as data. However, the parallax of the virtual images of the left and right
eyes need to be changed depending on the observation distance od. That is, it is necessary to produce again the virtual
images of the left and right eyes each time the observation distance od is changed.

[0024] The store computer 130 is, for example, an ordinary PC (Personal Computer), and includes a CPU (Central
Processing Unit) 132, an HDD (Hard Disk Drive) 134, a RAM (Random Access Memory), an input device 138 (keys, a
mouse, agame pad and etc.) and a display 140. Inthe HDD 134, an eyeglasses-wearing simulation program for simulating
how the outside is viewed when a pair of left and right eyeglass lenses are placed in front of the left and right eyes. The
CPU 132 starts the eyeglasses-wearing simulation program by loading the eyeglasses-wearing simulation program onto
the RAM 136. When the eyeglasses-wearing simulation program is started, a GUI (Graphical User Interface) for inputting
various instructions for eyeglasses-wearing simulation is displayed on a display screen of the display 140. Fig. 3 is an
explanatory illustration for explaining a flow of the eyeglasses-wearing simulation by the eyeglasses-wearing simulation
program.

[0025] (Flow of eyeglasses-wearing simulation by eyeglasses-wearing simulation program)

S1in Fig. 3 (Eye examination, determination of prescription)

[0026] Eye examination is conducted for the patient 2 by an operator who is eyeglass store staff. As a result, a
prescription for the patient 2 is determined. The prescription includes spherical power, cylindrical power, cylindrical axis
direction, prismatic power, prism base setting, an addition power and distance portion PD (Pupillary Distance) and near
portion PD. The operator inputs various prescription data by operating the GUI. Alternatively, data of the various pre-
scription data may be automatically created based on the results of the eye examination.

S2in Fig. 3 (Selection of lens type)

[0027] By operating the GUI, the operator selects the type of eyeglass based on the prescription obtained by the eye
examination. The selectable eyeglass lenses include, for example, a single-vision spherical lens, a single-vision aspher-
ical lens, a fatigue-relieving lens, a near vision lens dedicated for near vision, a progressive power lens (distance/near
vision type, intermediate/near vision type).

S3in Fig. 3 (Creation of lens surface data)

[0028] The eyeglasses-wearing simulation program creates surface shape data so that the prescribed power is
achieved by the eyeglass lens of the type selected in step S2 in Fig. 3. The surface shape data may be created, for
example, through a known design program. A plurality of types of surface shape data, each of which is uniquely defined
by the prescribed power and the type of eyeglass lens, may be prepared in advance in the HDD 134. That is, the
eyeglasses-wearing simulation program selects specific surface shape data corresponding to the selected type of eye-
glass and the prescribed power, from among data which has been stored in advance, in place of creating surface shape
data by the design program. Execution of the design program may be performed, for example, by a server of an eyeglass
lens maker connected to the store computer 130 via a network. Furthermore, the specific surface shape data may be
stored in the server of the eyeglass lens maker.

S4 in Fig. 3 (Creation of lens layout data)

[0029] The operator operates the GUI and inputs layout data corresponding to a request from the patent 2. The layout
data includes a position of an eye point, a pantoscopic angle and a tilting angle. When the layout data is not inputted,
a default value is used.

S5 in Fig. 3 (Creation of Whole Visual Field Light Ray Data)

[0030] When the surface shape data of each of an outer surface and an inner surface of the eyeglass lens, the lens
center thickness, a pantoscopic angle, a tilting angle and etc. are determined through the steps of S1 to S4 in Fig. 3,
the eyeglasses-wearing simulation program creates the whole visual field light ray data. The whole visual field light ray
data is described later.
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S6 in Fig. 3 (Creation of frame data)

[0031] The operator operates the GUI and inputs shape data of the frame selected by the patient 2. The frame data
is managed, for example, by a barcode tag, and can be obtained by reading a barcode tag adhered to the frame through
use of a barcode reader. When the frame data is not inputted, a default value is used.

S7 in Fig. 3 (Scene Selection and Creation of Original Images of Left and Right Visual Fields)

[0032] The operator operates the GUI and selects a desired one scene from among a plurality of three-dimensional
virtual scenes prepared in advance. The plurality of three-dimensional virtual scenes are, for example, a scene for a
distance vision where distance objects are principally arranged, a scene for a near vision for reading books or operating
a mobile terminal, and a scene in an office. The three-dimensional virtual scene includes a left eye original image which
is an image of virtual objects existing within a pyramid space of a specific visual field defined by placing a rotation center
of the left eyeball at a specific position, setting a vertex at the rotation center of the left eyeball and setting a specific
visual line direction (a visual line direction of the rotation center of the left eye) as an axis, and a right eye original image
which is an image of virtual objects existing within a pyramid space of a specific visual field defined by placing a rotation
center of the right eyeball at a position separated by the distance PD from the rotation center of the left eyeball, setting
a vertex at the rotation center of the right eyeball and setting an axis extending in the same direction as the visual line
direction of the rotation center of the left eye. To the three-dimensional virtual scene, information concerning the distance
from each of object points corresponding to all the pixels of the left eye original image to the rotation center of the left
eyeball and information concerning the distance from each of object points corresponding to all the pixels of the right
eye original image to the rotation center of the right eyeball are attached.

[0033] Figs. 4A, 5A and 5B are explanatory illustrations for explaining creation of the original images. In the example
shown in Figs. 4A, 5A and 5B, the depth direction perpendicular to the display screen 106 of the video monitor 102 is
defined as x-axis, the up and down direction and the left and right direction which are parallel with the display screen
106 are defined as y-axis and z-axis, respectively. The display screen 106 of the video monitor 102 is a rectangular area
(having an aspect ratio of 16:9) surrounded by four apexes A4, Ay, Az and A4, and has the size of 510mm x 287mm and
the resolution of 1920pixel x 1080pixel. Points extending from the left and right eyeball rotation centers O, and Og in
the x-axis direction and intersecting with the display screen 106 are defined as points A and Ag, respectively. The
observation distance od is the distance OA between the middle point O of the left and right eyeball rotation centers O
and Og and the display screen center A of the video monitor 102, and is 650mm (the distance O A and the distance
ORrAR are equal to each other, and are 650mm). Therefore, the visual field becomes 43°(width) by 25° (height). The
interval between the left and right eyeball rotation centers O and OR is defined as 64mm.

[0034] The step S7 is further explained with reference to Figs. 4A, 5A and 5B. First, the eyeglasses-wearing simulation
program places virtual objects in a three dimensional virtual space through use of a known computer graphics scheme.
The virtual objects constitute the three dimensional virtual scene selected by the patient 2, and are, for example, virtual
desk, chair and furniture placed in a virtual room or virtual flowerbed, tree and sign disposed on a virtual field. Thus, the
three dimensional virtual scene is created.

[0035] As shown in Fig. 5A, the eyeglasses-wearing simulation program places the left eyeball rotation center O at
a specific position in the three dimensional virtual space. Then, the eyeglasses-wearing simulation program sets, as the
visual field, a specific pyramid space A4, A,, A; and A, defined by setting a vertex at the left eyeball rotation center O
and setting, as an axis, the left eye visual line A O, parallel with the x-axis, and creates, as the left eye original image,
an image of the virtual objects in the visual field. Specifically, in the rectangular coordinate system whose origin is at the
left eyeball rotation center O and whose x-axis is the left eye visual line A O, a coordinate of an arbitrary object point
PL(X_, YL, z) in the visual field quadrangular pyramid A4, A,, Az and A, is represented as T=y/x, C=z/x. T and C are
orientation parameters of the object point P (x_, y_, z.). By representing each object point in the visual field as this
coordinate system, an arbitrary line in the space is viewed as a line on the image. The image where each object point
is represented by this coordinate system is defined as the left eye original image. Furthermore, the eyeglasses-wearing
simulation program calculates, from the coordinate values, the distance, i.e., the object point distance, between the left
eye rotation center O and each of object points corresponding to pixels of the left eye original image.

[0036] The eyeglasses-wearing simulation program creates the right eye original image through the same manner as
that described above, and calculates the object point distance between the right eye rotation center Og and each of the
object points corresponding to pixels of the right eye original image (see Fig. 5B).

[0037] With respect a common object point in the three dimensional virtual space, the object point distance and the
visual line direction of the left eye are different from those of the right eye because the left and right eyeball rotation
centers O and Og are shifted with respect to each other in the z-axis direction. Therefore, the left and right original
images, which reflect a common virtual object, have parallax.

[0038] Inthe above described explanation, each original image is created by separately defining the visual filed spaces
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of the left and right eyes, and the object point distances to the object points corresponding to the pixels are calculated;
however, to make the calculation process more efficient, a common visual field space for the left and right eyes may be
defined and creation of original images for the left and right eyes and calculation of the object point distances may be
performed.

[0039] The common visual filed space for the left and right eyes can be defined by a pyramid having a vertex at the
middle point O between the left and right rotation centers O and Og (see Fig. 6A). In this case, the left and right original
images and the object point distances to the object points corresponding to the pixels are obtained through calculation
by expressions indicated below.

[0040] An arbitrary object point P(x, y, z) in the binocular visual field is expressed by the inverse number D of the
object point distance OP, the angle p formed by the vector PO and the x-axis and the angle of direction O which are
defined by the following expressions. The object point distance is represented by the inverse number for convenience
of explanation about the spline function which is described later.

(Expressionl)
I -X z
D= £ = arccos 0 = arctan —
\/x2+y2+z2 \/x2 +y2+22 Y

[0041] The orientation parameters T, C, Tr, Cg of each object point of each of the left and right eyes are defined as
follows based on the orientation parameters T and C in the binocular visual field. The image where each object point is
expressed by the coordinate system of the orientation parameters T| and C| is the left eye original image. The image
where each object point is expressed by the coordinate system of the orientation parameters Tg and Cr is the right eye
original image.

(Expression 2)

CL= :C__._.._ CR =C+"“‘

¥y z—d d _z+d d
x x X x x

[0042] The inverse number D of the object point distance O, P and the inverse number D of the object point distance
ORgP are defined as follows.

(Expression 3)

i 1 1

D, = = ~ D(1+{zd ~d* 12)D?

' \/x2+y2+(z—d)2 \/;2+y2+zz - 2zd ~d? (+(Z ) )
(x2+y2 +2%)

D ! ! 1 ~ D1~ (zd +d? 12)0?)

R_\/x2+y2+(z+d)2M\/x2+y2+zz \/H 2zd +d’

(? +y? +22)

S8 in Fig. 3 (Designation of lens use position)

[0043] The lens use position means a position at which the visual line to the center of the visual field intersects with
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the eyeglass lens. Let us consider, for example, the case where the type of eyeglass lens selected in the step S2 in Fig.
3 is a progressive power lens. When the three dimensional virtual scene selected in the step S7 in Fig. 3 is a distance
scene which is a part of the whole visual field, the eyeglasses-wearing simulation program designates, as the lens use
position, an upper position on the eyeglass lens (e.g., the distance eye point). Furthermore, when the three dimensional
virtual scene selected in the step S7 in Fig. 3 is a near scene which is a part of the whole visual field, the eyeglasses-
wearing simulation program uses, as the lens use position, a lower position on the eyeglass lens (e.g., the near eye point).

S9in Fig. 3 (Selection of special processing, such as surface processing, dimmer control, dyeing)

[0044] The operator operates the GUI, and selects presence/absence of the special processing such as of the surface
processing, dimmer control, dyeing and etc. The special processing includes dyeing processing, hard coating, anti-
reflection coating, ultraviolet light cutting and dimmer control processing.

S 10 in Fig. 3 (Creation of transmittance data by wavelengths)

[0045] The eyeglasses-wearing simulation program creates transmittance data by wavelengths in accordance with
the special processing selected in the step S9 in Fig. 3. By using this data, the eyeglasses-wearing simulation program
changes color of the visual field image which is viewed through the eyeglass lens which has been subjected to the
special processing.

S11in Fig. 3 (Creation of the mages (video) of the left and right visual fields which is viewed through the lenses)

[0046] Hereafter, creation of the light ray data of the whole visual field is explained. When the eyeglass lens is worn,
the visual field deforms due to the refractive effect by the eyeglass lens and blur occurs. In the example shown in Fig
4B, the left eye visual field changes from A;O A, (A;O, A3) to A’,O A’ (A’,0 A’5), and the right eye visual field changes
from AjORA, (A,0RrA3) to A’ OgA’4 (A’,0rA’3). By wearing the eyeglass lenses, the stereognostic sense of the binocular
vision also changes, in addition to change of the distortion and blur of the monocular vision. In particular, since, regarding
a progressive power lens, the distribution of the distortion and blur in the visual field is not uniform, the effect to change
of the stereognostic sense is large. For this reason, in this embodiment, the light ray data of the whole visual field is
created to precisely reflect the distortion and blur caused by the left and right eyes in the visual fields of the left and right
eyes.

[0047] It takes a large amount of calculation to obtain the distortion and blur by ray tracing for all the pixels of each of
the left and right original images while specifying spatial positions. For this reason, in this embodiment, ray tracing is
performed only for a limited number of sample points in the whole visual field space, and regarding the distortion and
blur between the sample points, values are interpolated through use of known spline interpolation method. The number
of sample points is determined appropriately by considering the balance between the amount of calculation and the
accuracy of the values of the distortion and blur. Thus, the light ray data of the whole visual field representing the values
of the distortion and blur for all the positions in the whole visual field space is created.

[0048] Hereafter, the distortion in the left and right eyes when an object point P is viewed is explained. When the
eyeglass lens is placed in front of the eye to have predetermined posture and position (e.g., vertex distance between
the corneal apex and the back vertex of the eyeglass lens, eye point, a pantoscopic angle and a tilting angle), a light
ray from an arbitrary object point P reaches the eye while being refracted by the eyeglass lens. The object point P is
viewed, from the left and right eyes, as lying on the extension line of the exit light ray Q, O, (or QgOR) of the eyeglass
lens. As shown in Fig. 6B, the fact that the orientation of the exit light ray Q O, (or (QgOR) is different from the original
light ray PO, (or POR) causes the distortion of the visual line.

[0049] Next, the blur in each of the left and right eyes caused when the object point P is viewed is explained. As shown
in Fig. 7, the left eye (or the right eye) attempts to capture the objet point P on the optical axis by rotating toward the
exit light ray Q O, (or QgOg). In this case, the amount of accommodation of the eyeball required to cause an image of
the object point P to converge on the retina is determined by wavefront power of the light ray radiated from the object
point P at the back vertex spherical surface and the correction power for distance vision of the eye. For example, we
assume that the correction power for distance vision of the eye is zero. In this case, when the wavefront power at the
back vertex spherical surface is -2.0D (corresponding to a near object at the distance of 0.5m), the amount of accom-
modation required for the eye is 2.0D. It should be noted that the back vertex spherical surface means a spherical surface
whose radius is the distance between the rotation center of the eye and the back vertex of the eyeglass lens and which
has the center at the rotation center of the eye.

[0050] There is a case where, when the binocular viewing is performed, the powers of the left and right eyes become
different from each other depending on passing points of the visual lines on the left and right lenses. Furthermore,
frequently, the object point distances of an object at the near distance which is viewed in the peripheral portions of the



10

15

20

25

30

35

40

45

50

55

EP 2 749 207 A1

left and right eyeglass lenses are different between the left and right eyes. In these cases, the amounts of accommodation
required for the left and right eyes are different from each other. In the conventional eyeglass-wearing simulation for a
single eye, an optimum amount of accommodation where the object point is suitably converged on the retina is set by
separately considering the range of eye accommodation for each eye. However, according to the physiological optics,
the same amount of accommodation constantly acts on the left and right eyes based on the Hering’s law of equal
innervations. See, for example, "Introduction to Visual Optics", Alan Tunacliffe, p319 or "Borish’s Clinical Refraction”,
William J. Benjamin, Second Edition p162. Therefore, regarding the object point for which different amounts of accom-
modation are required for the left and right eyes, actually it is impossible to suitably form the images simultaneously on
the retinas. However, since, in the conventional eyeglass-wearing simulation for a single eye, constantly the object point
which falls within the accommodation range of a single eye is suitably converted on the retina, it was impossible to
adequately reproduce the virtual visual field.

[0051] For this reason, in this embodiment, in order to realize the more accurate eyeglasses-wearing simulation, the
amounts of accommodation of the left and right eyes are determined according to the following rules A and B. Since,
as a result, the same amount of accommodation is set for each of the left and right eyes, the condition where the object
point is not suitably converged on the retina can be realized, and thereby the blur is reproduced more accurately in
comparison with the conventional eyeglass-wearing simulation for a single eye.

(Rule A)

[0052] For each of object points in the visual field space, the amount of accommodation by a dominant eye of the
patient 2 is defined as the amount of accommodation for the left and right eyes.

(Rule B)

[0053] When the dominant eye of the patient 2 is unkown, a smaller one of the required amounts of accommodation
for the left and right eyes is defined as the amount of accommodation for the left and right eyes.

[0054] The coordinate system of the light ray data is further explained. As shown in Fig. 8, an arbitrary point P(x,y,z)
in the visual field space can be specified by the distance from the rotation center O and the orientation parameters T,
C or p, 6. The distance PO is represented by the inverse number D, and, for an infinite distance, the inverse number is
zero. The orientation parameter Y is a tangent of the vertical angle of direction, and C is a tangent of the horizontal angle
of direction. When the vertical/horizontal directions are represented by the polar coordinate, they are the angle of radius
p and the polar angle of direction 6. These parameters are represented by the following expressions.

(Expression 4)

D= ! r=2 ¢c=Z%
x4z x

x
p= a,rc‘tam(w/il"2 +C? ) g = arctan-g—

[0055] In the above described expression, T and C are calculated from the coordinate of the object point; however, T
and C may be calculated from the direction cosine. Rather, in general, T and C are calculated from the direction cosine.
If a unit vector PO is represented by the following expression:
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(Expression 5)

s

L04=li+mj+nk

[0056] T and C are defined as follows.

{Expression 6)

=2 ¢=2
;

Thus, an arbitrary point in the visual field can be represented by (D, T, C) or (D, p, 0) in addition to the coordinate (x, v,
z). In the case where the point is represented by (x, y, z), if the domains of x, y, z are defined, the space is partitioned
by a parallelepiped. On the other hand, in the case where the point is represented by (D, T, C), if domains of D, T, C
are defined, the space is partition by a quadrangular pyramid. In the patent document 1, the space is defined by the
scheme using this quadrangular pyramid. In the case where the space is represented by (D, p, 6), if domains of D, p, 0
are defined, the space is partitioned by a circular cone (6 becomes 0-360). Since in general an eyeglass lens has a
circular shape, representation by (D, p, 8) is convenient.

[0057] The substance of the light ray data of the whole visual field is coefficients of the spline function for calculating
the distortion and blur for an arbitrary object point. An example of the light ray data of the whole visual field is here
presented. For creating the light ray data of the whole visual field, the visual field space is represented by the pyramid
of Fig. 6, and a sample pint is set by each coordinate axis. For example, the sample point of the inverse number D of
the object point distance is defined as (0.0, 0.5, 1.0, 1.5, ... 3.5). 0.0D is the infinity. For example, 3.5D is approximately
equal to 286mm. The sample points are not required to have constant intervals. The sample point of the angle of radius
p is, for example, (0.0, 1.0, 2.0, ... 60) degrees. Regarding the angle of direction 8, the sample point is set so that 0 to
30°is covered. The eyeglasses-wearing simulation program performs ray tracing of binocular vision for all the intersection
points of the sample points with respect to the axes, and calculates the data of the distortion and blur for each intersection
point. The eyeglasses-wearing simulation program derives the spline coefficients, which are the substance of the light
ray data of the whole visual field, by using the calculation results of the distortion and blur at each intersection point,
and stores the coefficients in a storage area, e.g., the HDD 134.

[0058] For example, the vertical orientation parameter Tg’ of the right eye is represented by the following expression
by defining N;, N;, Ny as the B-spline basis function, defining the coordinate of each target point included in the right eye
visual field as (D, p, 0), and defining Cy; as the coefficient of the basis function near each target point. The position of
anode (substituted by the sample point) near each target point (D, p, 6) is defined depending on the interval of the nodes.

(Expression 7)

I'p=T" (D,p,9)= Zci,j,kNi(D)Nj(p)Nk(‘g)

ij.k

Other parameters, such as the image side horizontal orientation parameter Cg’ or the calculated eyesight representing
the degree of blur can also be obtained through the similar manner.
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[0059] The eyeglasses-wearing simulation program creates the left and right visual field images which are viewed
through the left and right lenses based on the various data including the light ray data of the whole visual field created
in the step S5 of Fig. 3, the frame data created in the step S6 of Fig. 3, left and right original image data created in the
step S7 of Fig. 3, the lens use position designated in the step S8 of Fig. 3 and the transmittance data by wavelengths
created in the step S10 of Fig. 3. Specifically, based on the light ray data (the coefficients of the spline function) of the
whole visual field created in the step S5 of Fig. 3, the eyeglasses-wearing simulation program defines, as a post-
transmission left lens visual field, the left eye visual field whose center corresponds to the direction from the left eye
rotation center to the lens use position of the left eye (designated in the step S8 of Fig. 3), and creates the image of the
visual field which is viewed through the left eye eyeglass lens to which the distortion and the blur by the eyeglass lens
is applied, by applying the value of the distortion and the blur corresponding to the object point distance to the object
point corresponding to each pixel of the left eye original image in the post-transmission left lens visual field. The eye-
glasses-wearing simulation program also creates the image of the visual field which is viewed through the right eye
eyeglass through us of the similar manner. Furthermore, the eyeglasses-wearing simulation program changes color of
the left and right parallax images based on the transmittance data by wavelengths. To an area of the original image
corresponding to the visual field of the outside of the frame, the distortion is not added, and blur for naked eye is
additionally created and added.

[0060] The processes for creating the data similar to the light ray data of the whole visual field and adding the distortion
and blur by applying the created data to the original image (e.g., a distorted original image creation process, a PSF
(Point Spread Function) obtaining process, a convolution process, etc.) are explained, forexample, in the patentdocument
1 and Japanese Patent Publication Nos. JP3825654 (B2) and JP3919097 (B2).

S12in Fig. 3 (Presentation of the images of the left and right visual fields viewed through lenses to the patient, through
use of a 3D monitor)

[0061] The eyeglasses-wearing simulation program transmits, to the video monitor 102, the image data of the left and
right visual fields which are viewed through lenses created in the step S11 of Fig. 3 to present the image of the image
data to the patient 2 by displaying the image of the image data on the display screen 106. According to the embodiment,
when the value of the blur of each object point is calculated, the common amount of accommodation is set for each of
the left and right eyes according to the predetermined rule, without setting optimum amounts of accommodation for the
left and right eyes. For this reason, the patient 2 is given the eyeglasses-wearing simulation reflecting more accurately
how the outside is viewed in the state of binocular vision when the eyeglasses are worn, and is able to achieve the
stereoscopic viewing for the parallax images in a feeling close to the reality.

[0062] On the image of each of the left and right visual fields, a position of a fitting cross (a point on the lens centered
at the pupil) of the eyeglass lens may be superimposed. By superimposing the position of the fitting cross, it becomes
possible to simulate appearance of the outside when the fitting cross shifts from an original point (e.g., a state where
framing is not conducted properly). The operator is able to quantitatively recognize the tolerance for the shift of the
framing by visually recognizing change of the appearance of the outside and the shift amount of the position of the fitting
cross.

S 13 in Fig. 3 (OK/NG Judgment)

[0063] Forexample, whenalenstargeted forthe simulationis a progressive power lens, the patient 2 selects, depending
on the purpose, sequentially a plurality of three dimensional virtual scenes, such as a scene for distance vision, a scene
for near vision, and a scene for intermediate distance vision, and visually recognizes images viewed through eyeglass
lenses. Then, if the patient 2 has an uncomfortable feeling with respect to at least one of the scenes, the operator inputs
a command for redesign to the store computer 130, to change the lens design. That is, the eyeglasses-wearing simulation
program executes again the steps from S2 in Fig. 3. The steps S2 to S13 in Fig. 3 are repeatedly executed, for example,
until the patient 2 has a comfortable feeling to images of the visual fields of all of the three dimensional scenes which
are viewed through lenses.

S 14 in Fig. 3 (Order)

[0064] Whenthe patient2hasacomfortable feeling for all the selected three dimensional scenes by visually recognizing
the images of the left and right visual fields viewed through lenses, the operator inputs a common for ordering the
eyeglass lenses to the store computer 130. The eyeglasses-wearing simulation program transmits at least one of the
current prescription data used for creating the images of the left and right visual fields viewed through lenses and the
design data of the eyeglass lenses, to an eyeglass lens manufacturing factory 20. The design data of the eyeglass lens
as used herein means design data of a pair of eyeglass lenses created by the eyeglasses-wearing simulation program
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based on the above described prescription data.
(Eyeglass Lens Manufacturing Factory and Eyeglass Lens manufacturing Method)

[0065] Fig. 9 is a block diagram illustrating the eyeglass lens manufacturing factory 20 in which the eyeglass lens
manufacturing method according to the embodiment of the invention is implemented. Fig. 10 is a flowchart illustrating
the eyeglass lens manufacturing method according to the embodiment of the invention. As shown in Fig. 9, in the eyeglass
lens manufacturing factory 20, a LAN (Local Area Network) hosted by a host computer 200 is constructed, and various
terminal devices (not shown) are connected thereto.

[0066] The host computer 200 receives the ordering data obtained by execution of the eyeglasses-wearing simulation
program (S101 in Fig. 10, Fig. 3) by the eyeglass lens-ordering system 10 from the store computer 130, and transfers
the ordering data to an eyeglass lens-processing computer 202 (S102 in Fig. 10).

[0067] The eyeglass lens-processing computer 202 is a general PC in which an eyeglass lens-processing program is
installed. The operator sets the lens base material on a processing machine (a cutting machine such as a curve generator)
204, and inputs a command for starting the processing to the eyeglass lens-processing computer 202. The eyeglass
lens-processing computer 202 drives and controls the processing machine 204 to process the lens base material based
on the ordering data (the received prescription data or the design data of the eyeglass lens) transferred from the host
computer 200, and thereby creates a convex surface shape and a concave surface shape of the eyeglass lens (S103
in Fig. 10). Various coatings such as a hard coat film, an antireflection film or an UV cutting film, are applied to the
eyeglass lens whose each surface has been created (S104 in Fig. 10). As a result, the eyeglasses are completed and
are delivered to an eyeglass store. Specifically, when the eyeglass lens is simulated by applying the above described
rule A, both of the pair of left and right eyeglass lenses is given the amount of accommodation of a single vision of the
dominant eye of the patient 2 and the value of blur is calculated. On the other hand, when the eyeglass lens is simulated
by applying the above described rule B, both of the pair of left and right eyeglass lenses is given the amount of accom-
modation which is a smaller amount of amounts of accommodations required for the left and right eyes, and the value
of blur is calculated.

[0068] The foregoing is the explanation about the embodiment of the invention. The invention is not limited to the
above described configuration, and can be varied in various ways within the technical scope of the invention. For example,
in this embodiment the video monitor 102 and the store computer 130 are provided as separate devices; however, in
another embodiment, the video monitor 102 and the store computer 130 may be integrally provided as one device.
[0069] Furthermore, in this embodiment, the explanation focuses on a still image; however, by creating a number of
time-series still images by changing the positions of the left and right eyeball rotation centers and the center visual line
directions and by continuously reproducing the plurality of still images, a moving image may be simulated.

[0070] In the above described embodiment, the pair of eyeglass lenses are designed by creating and displaying the
simulation images to enable the patient 2 to simulate the wearing state; however, in another embodiment, the pair of
eyeglass lenses may be designed by focusing on an amount of accommodation for a single vision of the dominant eye
of the patient 2 or a smaller one of amounts of accommodation required for the left and right eyes, without creating and
displaying the simulationimage. Thatis, when the pair of eyeglass lenses are designed based on the patient’s prescription,
the value of blur which the eyeglass lens should have may be calculated by setting the same amount of accommodation
to the left and right eyes in regard to all the object points in the virtual visual filed spaces of the left and right eyes (i.e.,
setting an amount of accommodation of a single vision of the dominant eye of the patient as the amount of accommodation
for each of the left and right eyes or setting a smaller one of amounts of accommodation required for the left and right
eyes as an amount of accommodation for each of the left and right eyes), and then the pair of eyeglass lenses may be
designed using the calculated value of blur. Thus, even the pair of eyeglass lenses designed without executing the
wearing simulation can also be manufactured by the eyeglass lens manufacturing factory 20 as in the case of the above
described embodiment.

[0071] In the foregoing explanation, the pair of eyeglass lenses are manufactured in the eyeglass lens manufacturing
factory 20 based on the deign results. On the other hand, there is a case where lenses having substantially the same
performance as the designed pair of eyeglass lenses have already been provided (provided as a pair of lenses or
provided as separate lenses for left and right eyes). In such a case, appropriate eyeglass lenses according to the design
results may be selected from the existing lenses for each of the left and right eyes so that a pair of eyeglass lenses is
obtained.

Claims

1. An eyeglasses-wearing simulation method for simulating how an outside is viewed when a pair of left and right
eyeglass lenses are placed in front of left and right eyes, the method comprising:
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an original image creation step of creating a pair of left and right original images for enabling a patient to perform
stereoscopic viewing by utilizing binocular parallax, based on virtual scene data constituted by virtual objects
placed in visual field spaces of the left and right eyes;

an image creation step of calculating, based on optical data of a right eye eyeglass lens of the pair of left and
right eyeglass lenses deigned in accordance with prescription information of the patient, distortion and blur of
the right eye eyeglass lens and processing the right eye original image by adding the distortion and blur of the
right eye eyeglass lens to the right eye original image, and calculating, based on optical data of a left eye
eyeglass lens of the pair of left and right eyeglass lenses, distortion and blur of the left eye eyeglass lens and
processing the left eye original image by adding the distortion and blur of the left eye eyeglass lens to the left
eye original image, so as to create images of left and right visual fields viewed through the pair of left and right
eyeglass lenses; and

an image display step of stereoscopically displaying the processed images viewed through the pair of left and
right eyeglass lenses on a screen,

wherein in the image creation step of creating the images of the left and right visual fields viewed through the
pair of left and right eyeglass lenses, a value of the blur is calculated by setting a same amount of accommodation
to the left and right eyes in regard to all of object points in the visual field spaces.

The eyeglasses-wearing simulation method according to claim 1,
wherein the same amount of accommodation is one of:

A: an amount of accommodation in a single vision of a dominant eye of the patient, for each object point in the
visual field spaces; and

B: a smaller one of amounts of accommodation required for the left and right eyes, for each object point in the
visual field spaces.

An eyeglasses-wearing simulation program for causing a computer to execute an eyeglasses-wearing simulation
method according to claim 1 or 2.

An eyeglasses-wearing simulation device for simulating how an outside is viewed when a pair of left and right
eyeglass lenses is placed in front of left and right eyes, comprising:

an original image creation means for creating a pair of left and right original images for enabling a patient to
perform stereoscopic viewing by utilizing binocular parallax, based on virtual scene data constituted by virtual
objects placed in visual field spaces of the left and right eyes;

an image creation means for calculating, based on optical data of a right eye eyeglass lens of the pair of left
and right eyeglass lenses deigned in accordance with prescription information of the patient, distortion and blur
of the right eye eyeglass lens and processing the right eye original image by adding the distortion and blur of
the right eye eyeglass lens to the right eye original image, and for calculating, based on optical data of a left
eye eyeglass lens of the pair of left and right eyeglass lenses, distortion and blur of the left eye eyeglass lens
and processing the left eye original image by adding the distortion and blur of the left eye eyeglass lens to the
left eye original image, so as to create images of left and right visual fields viewed through the pair of left and
right eyeglass lenses; and

an image display means for stereoscopically displaying the processed images viewed through the pair of left
and right eyeglass lenses,

wherein the image creation means calculates a value of the blur by setting a same amount of accommodation
to the left and right eyes in regard to all of object points in the visual field spaces.

An eyeglass lens-ordering system for ordering a pair of eyeglass lenses using an eyeglasses-wearing simulation
device for simulating how an outside is viewed when the pair of left and right eyeglass lenses is placed in front of
left and right eyes, comprising:

an eyeglasses-wearing simulation device according to claim 4; and

an order data transmission means for transmitting, as ordering data, one of the prescription information used
by the image creation means of the eyeglasses-wearing simulation device and eyeglass lens pair data designed
based on the prescription data, to a predetermined ordering destination.

An eyeglass lens manufacturing method, comprising the steps of:
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an execution step of executing an eyeglasses-wearing simulation method according to claim 1 or 2;

a transmission step of transmitting, as ordering data, one of the prescription information used in the image
creation step in the eyeglasses-wearing simulation method and eyeglass lens pair data designed based on the
prescription information, to a predetermined ordering destination; and

a manufacturing step of processing lens material by driving and controlling a processing machine based on one
of the transmitted prescription data and the transmitted eyeglass lens pair data designed based on the prescrip-
tion information, thereby manufacturing the eyeglass lenses.

14
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